ABsTRAcr The constituents of the secretory immunoglobulin A system (dimeric IgA, total secretory component and free secretory component) were measured in sputum sol phase, tracheal aspirates, and bronchoalveolar lavage fluids from 15 patients undergoing fibreoptic bronchoscopy. All of the proteins showed a progressive decrease in concentration from sputum to the bronchoalveolar lavage fluids (2p < 0.001). Standardisation of samples by means of protein concentration ratios showed that all secretions were generally similar in respect of their secretory IgA profiles, although major differences remained in some individual patients. The between patient variability of the results was generally reduced by the use of protein concentration ratios, allowing closer comparison between subjects. When the secretion albumin concentration was used as a standard, however, it increased the variability of the sputum sol phase IgA components (2p < 0.01), whereas it decreased the variability of the IgA components in the bronchoalveolar lavage fluid (2p < 0.05). The role of albumin as a standard protein for assessing the secretory IgA system in lung secretions remains uncertain.
The secretory IgA system plays an important part in the protection of epithelial surfaces and lung secretions contain large amounts of IgA in both its monomeric (7S) and its dimeric (1 iS) forms' and also secretory component, which may be either free2 or bound to dimeric IgA forming the complete secretory IgA molecule. Serum deficiency of IgA is associated with recurrent chest infections3 and indirect studies have suggested that "locar' IgA deficiency may contribute to morbidity in patients with chronic bronchitis4 More recent studies using direct immunological techniques to measure all the components of the IgA system in sputum have identified patients with local abnormalities in the presence of normal serum IgA concentrations.5
Sputum is a mixture of secretions from the nasopharynx and bronchial tree, and because it is readily obtainable from patients with productive cough it is suitable for studying local IgA in large groups of patients. Contamination by saliva and other nasopharyngeal secretions may, however, affect the results, although the effect may be largely dilutional. An alternative approach is to study secretions obtained directly from the lung during fibreoptic bronchoscopy. Although this method overcomes the problems of salivary contamination it is invasive and unsuitable for the routine study of large populations and repeat studies are rarely justifiable. Furthermore, the results from samples obtained by bronchoscopy remain difficult to interpret because of variable dilution of the secretion by anaesthetic fluid used during the procedure and by lavage fluids instilled to obtain more distal secretions from the lung.
Sample dilution is a major problem affecting most studies of the protein content of lung secretions. Conventionally, measurements are standardised on 518 might be more appropriate, particularly for studies of the secretory IgA system.5
In previous work we have suggested that the protein profiles of sputum and of secretions obtained directly from the lung are similar.7 Such information is not, however, available for the components of the secretory IgA system.
The purpose of the present study was to compare the IgA results from sputum sol phase with those of secretions obtained directly from the bronchial tree during fibreoptic bronchoscopy to determine whether any major differences exist, and also to assess the value of standardisation techniques for the study of the secretory IgA system.
Methods
Fifteen patients (two of them women) were studied. Their average age was 66-4 (range 48-77) years and all had chronic cough with sputum production and irreversible airflow obstruction (mean FEV1/FVC % 55 (SD 14-2)). The patients were studied at least six weeks after an acute exacerbation of their disease and underwent fibreoptic bronchoscopy to investigate either haemoptysis or unexplained chest radiograph abnormalities.
Fibreoptic bronchoscopy was performed after premedication with intramuscular atropine 0.6 mg and intravenous diazepam 5-15 mg. The bronchoscope was passed transnasally after local anaesthesia with lignocaine and passed through the vocal cords after they had been sprayed with two 2 ml boluses of 4% lignocaine. Subsequent anaesthesia of the trachea and bronchial tree was achieved with three 2 ml boluses of 2 % lignocaine solution, applied respectively to the carina, the main bronchus, and the lobe to be lavaged.
SECRETIONS STUDIED
All three secretions were obtained from seven patients.
Sputum was collected as free from saliva as possible (by education of the patient) over a three hour period from all patients on the morning of bronchoscopy, before premedication. Samples were centrifuged at 50 000 g for 90 minutes to obtain sol phase, which was stored at -70°C until it was analysed.
High secretions were obtained from 10 patients and comprised all secretions aspirated into a trap as the bronchoscope was advanced from the vocal cords to the carina. To compare the relative concentrations of SC and FSC in the three secretions (overcoming any difference due to dilution) they were "standardised" for (divided by) the corresponding SC, 11S IgA, and albumin concentrations where appropriate.
Any difference between the secretions was assessed statistically with Wilcoxon signed rank test for paired data (two tailed). The effect of standardisation of FSC and SC for albumin, 11S IgA, and SC on between patient variability in a single secretion was assessed with a normal test for equality of coefficient of variation-that is,
CV -CV2 t=
The significance of t was determined from tables (t > 1-96-2p< 005; t>257 -2p<0-01;t>3'29-2p < 0-001). CV, and CV2 are the between subject coefficients of variation before and after standardisation and n, and n2 are the sample numbers before and after standardisation (n, = n2). fig 1) . Standardisation of the FSC results for SC resulted in close comparability of the three secretions. In some individuals, however, considerable differences between the three secretions were noted when both 11S IgA and albumin were used as "standards" (fig 1) .
COMPARISON OF PAIRED SECRETIONS
The median absolute results and ranges obtained from pairs of specimens of sputum and high secretions and sputum and bronchoalveolar lavage fluid in the same patients are shown in table 2 with protein ratios.
Sputum compared with high secretions (10 pairs of specimens) The absolute concentrations of albumin, total IgA, 11S IgA, FSC, and SC were significantly higher in sputum than in high secretions (2p < 0-01, all comparisons). In both secretions, however, the ranges of individual results were wide and between patient variability was great, particularly for high secretions. In some individuals the differences in protein concentrations between the two secretions were small, while in others they were considerable; this is shown for FSC in the first panel of figure 2 .
The proportion of IgA present in dimeric form (ie 11S IgA) was significantly higher on average in sputum than in high secretions (2p < 0-05) and individual values are plotted in figure 3 . In some individuals the proportions were similar in the two secretions, but in most the proportion of dimeric IgA was higher in sputum than in high secretions.
The effect of using protein ratios as a method of standardising is summarised in the lower half of The secretory IgA system of lung secretions in chronic obstructive bronchitis 
Discussion
The absolute concentrations of albumin, IgA, and the individual components of the secretory IgA system were higher in sputum than either high secretions or bronchoalveolar lavage fluid (fig 1 and 2) . These three secretions are subjected to variable and progressively increasing dilutional factors during their collection. Sputum is contaminated with saliva and high secretions with variable amounts of the lignocaine used to anaesthetise the vocal cords, and bronchoalveolar lavage fluids are greatly diluted by the saline used for distal lavage of the lung. Since all the proteins studied were affected in a similar way (that is, a progressive fall in concentration as sampling progressed distally), the differences in absolute protein concentrations between these recovered secretions are likely to be largely due to dilution, as has been suggested for other proteins studied previously.7
To overcome variable dilution and permit comparison of both different individuals and different secretions from an individual, the use of protein ratios as a means of secretion "standardisation" is considered necessary. Albumin has been conventionally used for studies of the proteins of both sputum9 and bronchoalveolar lavage fluid,6 since this protein is thought to enter lung secretions by simple diffusion. In studies of sputum sol phase, however, we have previously suggested that while this technique is useful for the study of proteins such as a, antitrypsin, which is the same size as albumin and also behaves in a similar way entering secretions from serum by simple diffusion, it may be a less suitable "standard" for proteins such as secretory Wiggins, Hill, Stockley IgA, which are locally produced within the lung.'0 An alternative method of standardisation using the components of the secretory IgA system has been suggested as more appropriate.5
In the present studies the sputum results for free secretory component and secretory component standardised for any other protein were similar to the results in both high secretions and bronchoalveolar lavage fluid. The closest comparison was found for the FSC/SC ratio, suggesting a consistent relationship between the total secretory component and the free form for all three secretions.
Differences did emerge, however, when the effect of the standardisation techniques on the between patient variability of paired samples from the same individuals was studied. The sputum and high secretion data were similar but differences were found when sputum was compared with bronchoalveolar lavage fluid. Firstly, standardisation of free secretory component for secretory component (FSC/SC ratio) in bronchoalveolar lavage fluid significantly reduced the between subject variability from 223-8% to 62-2%, suggesting a benefit from using this ratio in comparison of secretions between subjects where variable degrees of dilution caused by lavage fluid had occurred. Secondly, standardising for albumin (FSC/Alb and SC/Alb) had the opposite effect in the two secretions. Variability was increased in sputum but decreased in bronchoalveolar lavage fluid when these ratios were used (table 2). The reasons for this difference, which suggests that albumin might be a poor standardising protein for sputum but suitable for bronchoalveolar lavage fiuid, are not clear. Possibly the difference is related to the fact that sputum may be diluted with saliva rather than lavage fluid and saliva may not act in a simple dilutional manner in secretions which are expectorated. Alternatively, the difference may be due to the fact that, between patients, secretory IgA (synthesised locally) and albumin (diffusing from serum) in different lung secretions are subject to independent factors that affect their concentrations (such as lung inflammation, serum albumin concentration, and protein metabolism and catabolism). In this respect the observed differences in the proportion of IgA present in dimeric form in the secretions of some individual patients may well be relevant. Alternatively, we could argue that, although albumin may be a poor internal standard for the secretory IgA system, the dilutional effect of bronchoalveolar lavage fluids may be so great that the overall effect of standardising for albumin may reduce variability, even if this technique is inappropriate for the undiluted secretion. These possibilities will require other carefully designed studies for clarification. The data presented here provide further evidence that"stan-The secretory IgA system of lung secretions in chronic obstructive bronchitis dardising" the components of the secretory IgA system for a totally independent protein can increase the variability of the results between subjects in some secretions rather than reduce it.
It is of interest that the " standardised" results from sputum and high lung secretions (obtained at bronchoscopy) were generally similar, since the former is likely to be contaminated by saliva and the latter by local anaesthetic fluid. The effect of this protein free fluid is likely to result in dilution of all secretion proteins to a similar extent. Saliva on the other hand has a much lower ratio of albumin to IgA than sputum has, even though the concentrations of both proteins are reduced," and thus contamination by saliva would affect the sputum concentrations of the two proteins differently. Perhaps the general similarity of the standardised results for sputum and for high secretions in the patients was a result of educating them to collect relatively saliva free sputum samples.
Nevertheless, some individual differences were noted that could not be explained by the error of the immunological techniques. The most striking differences were in the proportion of IgA present in its dimeric form (fig 3) . Sputum samples from some patients showed that 11S IgA represented a greater proportion of the total IgA than the corresponding high secretions or bronchoalveolar lavage fluid. In studies of normal subjects the lung secretions have been found to contain predominantly dimeric ( 11S) IgA.2 In our previous studies, however,' varying degrees of IgA monomer (7S) have been found in sputum from patients with bronchitis, and Lafitte et al found a similar difference between lavage samples from patients with bronchitis and from normal subjects. '2 This may well reflect the increased diffusion of serum (7S) IgA into the secretion of patients with bronchitis contaminating the secretory (llS) IgA. Furthermore, saliva contains almost exclusively dimeric IgA.'3 Thus in an individual the between secretion differences in the proportion of IgA present as a dimer which we have observed could possibly reflect individual variations in the contribution of secretory IgA from saliva and lung secretions, as well as serum derived monomeric IgA from proximal and distal parts of the lungs.
In conclusion, the concentrations of the components of the secretory IgA system were lower in samples obtained directly from the lung than in sputum and this probably reflects dilution of secretions. The secretory IgA protein profiles were generally similar in all secretions studied, though comparison with albumin tended to increase the between patient variability for the sputum results and albumin therefore may not be a useful standard for this secretion. Some individual differences between secretions were observed, though the significance of these findings remains unclear.
